A prospective cohort epidemiological pilot study was performed at three tropical beaches with pointand non-point-sources of fecal pollution to characterize the risk of illness among swimmers and nonswimmers. There was an increased risk of illness in swimmers as compared to non-swimmers, even when waters met current microbial standards for recreational water quality. Illnesses included gastrointestinal (GI), skin and respiratory symptoms, earache and fever. Odds ratios (ORs) ranged from 0.32 to 42.35 (GI illness), 0.69 to 3.12 (skin infections), 0.71 to 3.21 (respiratory symptoms), 0.52 to 15.32 (earache) and 0.80 to 1.68 (fever), depending on the beach sampled. The indicators that better predicted the risks of symptoms (respiratory) in tropical recreational waters were total (somatic and male-specific) coliphages (OR ¼ 1.56, p < 0.10, R 2 ¼ 3.79%) and Escherichia coli (OR ¼ 1.38, p < 0.10, R 2 ¼ 1.97%). The present study supports the potential of coliphages as good predictors of risks of respiratory illness in tropical recreational waters. This is the first study that has determined risks of illness after exposure to tropical recreational waters with point-and non-point sources of fecal contamination. The results give an opportunity to perform epidemiological studies in tropical recreational waters in Puerto Rico which can include more participants and other indicators and detection techniques.
restricted to bacterial indicators, as bacteriophages, such as male-specific coliphages, have also been associated with GI illnesses. However, these associations have been considered cautiously since male-specific coliphages have not been detected regularly when bathers are exposed to waters contaminated by non-point sources of fecal contamination (Colford et . Another important issue with traditional indicators is that these usually cannot identify the source of the fecal input (Byappanahalli et al. ) .
Identifying the source of fecal pollution is important in order to remediate or eliminate the contamination which could lead to health-related risks. Information gathered from indicators used for microbial source tracking may be used to improve monitoring of microbial water quality in recreational waters with point-and non-point sources of fecal contamination (Shah et al. ) . Thus, there is still the need to determine which microbial indicator(s) may be more appropriate to determine possible risks to public health in tropical regions. In the present study, a preliminary prospective cohort epidemiological study was performed in Puerto Rico, in which the association between risk and the concentrations of traditional microbial indicators (thermotolerant coliforms, E. coli, enterococci and Staphylococcus spp.) and alternate indicators (coliphages) of fecal pollution was determined in recreational waters and sand.
MATERIALS AND METHODS

Study sites
The pilot study was performed from August 2005 to March 2006 at three beaches located in northeastern Puerto Rico.
Studies were performed at weekends (Friday to Sunday) and holidays. Beaches were selected based on the prevalence of microbial indicators in a 2-year period (data not shown) and for convenience will be referred as IVB, BC and LB. These beaches are heavily used throughout the year and are under the Blue Flag program, an international plan to designate beaches as safe for swimmers based on thermotolerant coliforms (200 colony forming units (CFU) /100 mL) and enterococci (35 CFU/100 mL) in water.
Various possible sources of fecal contamination may impact the study beaches. Small creeks (in turn impacted by domestic wastewater treatment plants, septic tanks and animal feces) discharge into IVB and LB. IVB and LB are located 5 to 10 km from a wastewater treatment plant and thus could also be impacted by point-sources of fecal contamination. For BC, the exact source of microbial indicators remains unknown.
Epidemiological design
The study design was a prospective cohort, in which a 'healthy' population is followed for a fixed period of time after a beach visit to observe any illness. Subjects selected as swimmers were asked to participate in the study after their contact with water was visually corroborated. A swimmer was defined as an individual with full-body contact with water, including head immersion. A non-swimmer was defined as an individual without any contact with water.
Exclusion criteria included subjects having contact with any waterbody during the week prior to or following the present study. This decreased the potential of misclassification of exposure resulting from multiple contacts with beach water (Cabelli et al. ) . Samples were also analyzed for total coliforms and E.
coli using the Colilert™ system (APHA ). The geometric means of the indicators in water and sand samples were calculated for each sampling date and for each sampled beach.
Coliphage concentrations were analyzed in water and sand using the single layer method and E. coli C3000 (ATCC 15597) as the host for both F-male specific and somatic coliphages as described previously (Grabow & Coubrough ) . Briefly, trypticase soy broth (Difco) and agar (0.8%) was mixed with 50 mL of marine water and with 1 mL of a fresh culture of the bacterial host (approximately 1.0 × 10 8 cells/mL) and poured into Petri dishes.
Samples were incubated at 37 ± 0.2 W C and viral plaques were counted at 6, 18 and 24 h. Results were expressed as plaque forming units (PFU) per 100 mL of water.
Statistical analyses
Indicator concentrations per sampling date were calcu- 
RESULTS
Recruitment and enrollment
A total of 705 subjects were recruited. Sixty-four were excluded because of contact with a water body the week before (n ¼ 13; 20%) or after the recruitment (n ¼ 10; 16%), incorrect (n ¼ 23; 37%) or out of service (n ¼ 19; 30%) telephone numbers. A total of 641 subjects successfully completed the questionnaires (response rate of 90.1%); 64% of the subjects were females and and 36% males. A high percentage of recruited subjects (94.4%)
were residents of Puerto Rico and the others were visitors from continental USA. Of the 641 recruited subjects, 552
were selected as swimmers and 89 as non-swimmers, based on the visual confirmation of their appearance (Table 1) . Results showed that 60.2% of the subjects had their body and heads wet at the moment of recruitment and 6.1% were dressed.
Microbial water quality
Indicator concentrations in water samples are shown in Table 2 . E. coli concentrations were higher in sand than in water when analyzed by Colilert and MF. Enterococci concentrations were also higher in sand than in the water samples.
Health statistics
Incidence proportion rates (proportion of symptoms among those interviewed) were calculated as: (no. of individuals that reported a symptom at follow up interview/no. of swimmers interviewed that day) × 1,000.
Results of the incidence proportion rates of GI, respiratory, skin and other symptoms by beach sampled are shown in Table 3 . Rates of over 19 represent a risk of illness for swimmers (Stone et al. ) . In the present study, incidence proportion rates vary according to the beach sampled.
Results of the risk analysis in all beaches are shown in Table 4 . Significant ORs were mainly observed at BC and 
, ).
A total of 249 (45%) swimmers reported at least one symptom 8 to 10 days after the beach recruitment. Congested nose (15%) and sneezing (12%) were the highest reported symptoms among swimmers, followed by sore throat (12%) and runny nose (11%). The case rate of the GI symptoms was lower (from 1 to 9%). We found an OR higher than 1 in all symptoms, but respiratory symptoms and skin symptoms were statistically significant with a confidence level of 95%. These OR values were adjusted by beach, age and sex. Statistics on the OR by group of symptoms are shown in Table 5 . A higher prevalence of symptoms was observed in subjects from 10 to 30 years old (Figure 2 ), but the distribution of symptoms among the recruited subjects was similar to the age distribution in the sample. Eighty-five percent of people reporting symptoms Table 7 . The exposure variable means a 25% increase in coliphage concentration that is related to an increased risk of GI illness in swimmers.
Although not statistically significant, GI illnesses seemed to increase with an increase in coliphage concentrations in water in the first, third and fourth quartiles. E. coli, detected by Colilert, showed a similar trend when related to the GI symptoms (OR ¼ 1.9, 0.8, 1.2 and 1.8 for first, second, third and fourth quartiles, respectively). Similarly, Staphylococcus spp. were related to an increased risk in skin symptoms, as seen in the first, second, third and fourth quartile (OR ¼ 1.9, 0.4, 1.5 and 2.1, respectively). In terms of the coliphages, the risk of respiratory symptoms was significantly increased in water with an increase from 345 to 846 PFU per 100 mL. In this categorical analysis, the risk of having any of the symptoms screened showed a similar trend (a significant OR in only three of the quartiles). The risk of any symptom was better predicted by coliphage concentrations in water as shown in Table 7 . suggesting that microbial standards should be carefully considered, at least in tropical regions (Santiago-Rodriguez et al.
DISCUSSION
).
More interesting, perhaps, is that the number of swimmers that reported any symptom was the highest at 12 pm, the time of day when the number of swimmers is usually one of the highest, at least at beaches in Puerto Rico. It is possible that the high number of swimmers at midday contributes to a higher number of microbial indicators and pathogens. Our study is not consistent with another study which found that the number of swimmers that reported any symptom was the highest in the morning (Colford et al. ) . A possible explanation for this is that sunlight inactivates microbial indicators and pathogens in water.
During the morning, the effect of sunlight in inactivating microorganisms is less. This may have to be evaluated in parallel with future epidemiological studies in tropical waters in Puerto Rico.
The present pilot study is also among the few performed regarding indicator bacteria in tropical sand and their possible association with health risks. One concern is that the presence of microbial indicators in beach sand shows that non-swimmers, as well as swimmers, may be exposed to enteric microorganisms (Yamahara et al. ) . In the present study, higher concentrations of E. coli (as analyzed by Colilert) and enterococci were detected in the sand samples. These results are consistent with studies performed on beaches in Hawaii and California, where higher levels of indicator bacteria were detected in sand (Yan et al. ) . In the analyses by beach, although no statistically significant associations were noted, coliphages exhibited the highest correlation coefficient with GI symptoms. The risk of illness was increased in the 3rd and 4th quartiles, showing that there may be a risk related to an increase of coliphages in water for each 25% increase in their concentrations. Our results are comparable with a study in California, with 22,085 subjects, which showed an increase in the risk of respiratory symptoms with an increase in viruses in waters (Haile et al. ) . In studies performed in Miami, F-specific coliphages also associated with increased risks of GI symptoms (Abdelzaher et al. ) . In the present study, coliphages were related to an increased risk in GI symptoms, but in the continuous analyses, coliphages were more related to respiratory symptoms and earache. Similar studies in California suggested that male-specific coliphages were a good indicator of GI illness, respiratory symptoms, skin infections, to mention a few; however, one of the major drawbacks of coliphages is these are not detected regularly in recreational waters (Colford et al. ) . 
CONCLUSIONS
